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COMPOUNDS AND METHODS FOR CARBAZOLE SYNTHESIS 



The present invention is related to the synthesis of carbazoles. The present invention is 
also related to compounds associated with the synthesis of carbazoles. 

Biologically active compounds that include an indole ring structure have been shown to be 
5 useful for the treatment of a variety of medical conditions. These compounds include 
indoleamines such as melatonin, carbazoles such as carvedilol, tricyclic alkylhydroxamates, 
and carbolines such as tetrahydrocarbolines, pyrimidoin doles, and vinpocetine. 

The carbazole carvedilol is known as a member of a class of compounds commonly 
referred to as beta-blockers, which affect the heart and circulatory system and which are 

10 often used to treat hypertension. The pharmacological activity of carvedilol is of a non- 
selective beta-adrenoreceptor antagonist and an alpha r adrenoreceptor antagonist. In 
other words, carvedilol blocks the molecular receptors of the adrenergic nervous system 
and reduces the heart rate and contraction force. Carvedilol also blocks adrenergic recep- 
tors on arteries causing arteriole relaxation and a drop in blood pressure. This feature 

15 offers unique benefits for haemodynamic balance in hypertension, heart failure, and 

ischaemic heart disease. Carvedilol also has anti-oxidant and anti- proliferative properties 
that further differentiate it from other (i-blocking agents. 

Various synthetic schemes have been used to prepare carvedilol (see, e.g., US 4,503,067, US 
5,786,356, US 6,140,352, US 6,514,968, US 6,699,997, and US 6,730,326). Indole deriva- 
20 tives such as carbazolone, carbazole, and related compounds are important intermediate 
compounds in the synthesis of carvediol and other related compounds. 

Carbazole derivatives such as 2- and 4-hydroxycarbazoles are also important intermediate 
components in the synthesis of a class of cell proliferation inhibitors as described in WO 
02/085883. These cell proliferation inhibitors are tricyclic alkylhydroxamates that have 
25 histone deacylase (HDAC) inhibitor activity. These compounds can be used in a method 
for treating the proliferation of malignant cells, and are thought to be useful in the treat- 
ment of cancer. 
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As shown in Figure 1, the synthesis of carvedilol and some tricyclic alkylhydroxamates 
typically involves one or more steps (Rxn A) that lead to the formation of l,2,3,4a,9,9a- 
tetrahydro-carbazol-4-one (schematically denoted as Compound A), and then the de- 
hydrogenation (Rxn B) of Compound A to provide 4-hydroxycarbazole (Compound B): 

5 Figure- 1: 




Compound A Compound B 



Commonly used approaches (i.e., Rxn A) leading to the formation of Compound A involve 
Fisher indole synthetic steps. For example, as shown in Figure 2, preparation of Com- 
pound A may be accomplished by the reaction of cyclohexane- 1,3-dione (Compound C) 
10 with phenylhydrazine (Compound D) to obtain a hydrazone as represented by Compound 
E(3-(phenyl-hydrazono)-cyclohexanone): 

Figure 2 




Compound A 



Compound C Compound D Compound E 

For various reasons the conversion of the hydrazone (Compound E) to the carbazolone 

15 (Compound A) via reaction A (the Fisher indole synthetic step) is not ideal. First, this 
approach calls for the use of significant quantities of acid. This is generally undesirable as 
it generates significant acid by-products, as well as other by-products such as heavy metals, 
sulfates, or phosphates. The presence of these by-products can impose additional pre- 
cautions during synthesis. These precautions are amplified when the production of a pro- 

20 duct is desired at a large scale. 

In addition, Fisher indole synthesis can be inefficient. For example, tetrahydro-4-oxocarb- 
azole is typically only produced at about a 50% yield when Fisher indole synthetic steps are 
employed. 



WO 2007/077111 PCT/EP2006/069794 

-3- 

Furthermore, in some cases the regioselectivity of the reaction is rather poor when un sym- 
metrical substrates are used, such as unsymmetrical ketones. This can lead to a decrease in 
yield of the desired reaction product, and overall make the process less efficient. 

The regioselectivity is also affected by the choice of acid, solvent, and temperature of the 
5 reaction. Therefore, particular reaction conditions that are less desired for reasons such as 
reagent cost, time, and reaction conditions, may be required in the case of Fisher indole 
synthetic processes which are often used for the preparation of carbazolone, carbazole, and 
related compounds. 

The present invention provides novel methodologies and compounds useful for the syn- 
10 thesis of carbazoles, including carbazolones and hydroxycarbazoles. The inventive 

methods and compounds described herein can be used for the synthesis of carbazole deri- 
vatives, such as carvedilol, and tricyclic alkylhydroxamates as described in WO 02/085883. 

One aspect of the invention provides compounds having a bi-cyclic structure (that is, a 
compound having two carbon-containing ring structures). These compounds having a bi- 
15 cyclic structure can be formed as intermediates in the synthesis of a carbazole. In particu- 
lar, these intermediate compounds can be oxidized and cyclized to form a carbazolone, the 
reaction which advantageously does not require the use of excess amounts of strong acids 
(which is common in Fischer indole synthetic steps). In this regard, the benefits of the 
present inventive methods and compounds are apparent. 

20 The bi-cyclic structure comprises a 6-carbon first cyclic moiety having at least one carbon- 
carbon double bond (e.g., at least partially unsaturated). The first cyclic moiety also com- 
prises a keto group or a hydroxyl group bonded to a cyclic carbon of the first cyclic moiety. 
The at least one carbon-carbon double bond is present between the alpha and beta carbons 
(the alpha and beta carbons defined on the first cyclic moiety by the keto group or the 

25 cyclic carbon that is bonded to the hydroxyl group) of the cyclic backbone. The bi-cyclic 
structure also comprises a 6-carbon second cyclic moiety having no carbon-carbon double 
bonds in the cyclic backbone and comprising a hydroxyl group bonded to a cyclic carbon. 
The cyclic carbon in the beta position on the first cyclic moiety is bonded via a divalent 
linking moiety, to the cyclic carbon in the alpha position on the second cyclic moiety (the 

30 alpha carbon defined on the second cyclic moiety by the cyclic carbon that is bonded to the 
hydroxyl group). Preferably the divalent linking moiety includes an N or O atom. 
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The bi-cyclic compound can individually include single or multi-atom substituent(s) 
bonded to one or more of the cyclic carbons. Preferably, the substituents (as represented 
by Ri and, in some cases, R2 groups in the formulas provided herein) are, individually, 
groups that are specifically non-reactive under oxidative conditions useful for converting a 
5 compound having a bi-cyclic structure to a compound having a fused tricyclic structure. 
For example, oxidation of the hydroxyl group on the second cyclic moiety leads to the for- 
mation of a keto intermediate and cyclization of the compound of formula I. These groups 
are herein referred to as "oxidatively nonreactive groups." In some preferred aspects Ri 
and R 2 and are individually selected from H and linear, branched, or cyclic alkyl groups, 
10 and most preferably from H and C1-C4 alkyl groups. . 

In some aspects, a compound of the invention having the bi-cyclic structure (as described) 
is provided by a compound of formula I: 




wherein Xi is a divalent linking moiety, preferably O or NR 3 , and R 3 is a single or multi- 
15 atom group, preferably H or C1-C4 alkyl; and C- — X 2 is either C=0 or C-OH, 

wherein if C- — X 2 is O=0 then Ri and R 2 are independently selected from single and 
multi-atom groups, or if C — X 2 is C-OH then R 2 is zero and Ri is independently selected 
from single and multi-atom groups. In some aspects R\ and R 2 are independently selected 
from oxidatively nonreactive groups, e.g., preferably R3 is H or C1-C4 alkyl, and if C— — X 2 
20 is C=0, Ri and R 2 are preferably independently selected from H and C1-C4 alkyl, or if 
C- — X 2 is C-OH then R 2 is zero and Ri is independently selected from H and C1-C4 alkyl. 

In some specific aspects, in the compound of formula I, Xi is NR3, C — X 2 is G=0, and 
one or more of Ri and R 2 are H. For example, in these aspects the compound of formula I 
can be 3-(2-hydroxy-cyclohexylamino)-cyclohex-2-enone: 

to 

H 
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10 



15 



20 



In other specific aspects, in the compound of formula I, Xt is O, C — X2 is C=0, and more 
of Ri and R 2 are H. For example, in these aspects the compound of formula I can be 3-(2- 
hydroxy-cyclohexyloxy)-cyclohex-2-enone: 



Compounds of formula I can be subjected to oxidation and cyclization. A compound pro- 
duced by oxidation and cyclization is a carbazolone, such as l,2,3,5,6,7,8,9-octahydro-4H- 
carbazol-4-one (OHOC; Compound I), which can represent another intermediate com- 
pound in carbazole synthesis. Dehydrogenation of the carbazolone can provide a carb- 
azole, such as 4-hydroxycarbazole (Compound B). 

Oxidation and cyclization of compounds of formula I can advantageously be carried out by 
a palladium-catalyzed reaction, providing good yields of the carbazolone. In addition, the 
palladium catalyst can be readily separated from the reaction mixture and also regenerated 
for subsequent use, thereby presenting further processing and economic benefits. These 
advantages are in addition to formation of the carbazolone and hydroxycarbazole not 
requiring use of a strong acid, as would otherwise be associated with Fisher indole synthetic 
steps. 

The methods of the invention have been shown to produce compounds of formula I 
having excellent yields, such as greater than 98%. 

Another aspect of the invention provides methods for the synthesis of compounds of 
formula L These methods can also be used in a synthetic scheme for the synthesis of carb- 
azoles and derivatives thereof. 

In one aspect, the method comprises a synthetic step of reacting a first compound having a 
6-carbon cyclic structure comprising a keto group with a second compound having a 6- 
carbon cyclic structure. In this method either (a) the first compound comprises a primary 
amine group bonded to a cyclic carbon and the second compound comprises an oxygen 
bonded to a cyclic carbon that is reactive with the primary amine, or (b) the second com- 
pound comprises a primary amine group bonded to a cyclic carbon and the first com- 
pound comprises an oxygen bonded to a cyclic carbon that is reactive with the primary 
amine. 



O 
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In this aspect, the first compound can be represented by a compound of formula II: 




(H) 



and the second compound can be represented by a compound of formula III: 




(HI) 



5 where, in both formula II and formula HI, Ri is independently selected from 

single and multi-atom groups and either (a) in formula II X3— X4— X5 is CH=C-NR2H, 
wherein R 2 is a single or multi-atom group, and in formula in and X 7 form an oxide 
ring; or (b) in formula II X 3 — X4--X5 is CH 2 -C=0 and in formula III X6 is OH and X 7 is 
NR2H wherein R 2 is a single or multi-atom group. 

10 In some aspects Ri and R 2 are independently selected from oxidatively non-reactive 
groups. Preferably, R x is independently selected from H and C1-C4 alkyl groups, and in 
both CH=CH-NR 2 H and NR 2 H R 2 is H or a C1-C4 alkyl group. 

In some specific aspects of (a) the first compound is 3-amino-2-cyclohexene- 1-one and the 
second compound is cyclohexene oxide. In some specific aspects of (b) the first compound 
15 is 1,3-cyclohexanedione and the second compound is 2-aminocyclohexanol. 

Synthesis can be performed using equimolar amount of compounds of II and III in a non- 
polar (e.g., toluene) solvent system at temperatures of greater than 100°C. 

In another aspect for the synthesis of compounds of formula I, the invention provides a 
method comprising a synthetic step of reacting a first compound comprising a 6-carbon 
20 cyclic moiety having no carbon-carbon double bonds and comprising two keto groups 
with a second compound comprising a 6-carbon cyclic moiety having no carbon-carbon 
double bonds and comprising two hydroxyl groups bonded to cyclic carbons. 



In this aspect, the first compound can be represented by a compound of formula IV: 
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*r¥] (IV) 
R ' R,R, 

and the second compound can berepresented by a compound of formula V: 

where, in both formula IV and formula V, Ri is independently selected from single and 
5 multi-atom groups. In some aspects Ri is independently selected from oxidatively non- 
reactive groups, and is preferably independently selected from H and C1-C4 alkyl groups. 

In some specific aspects, the first compound is cyclohexanedione and the second com- 
pound is cyclohexanediol. 

In another aspect, a compound comprising the bi-cyclic structure is provided by a com- 
10 pound of formula VI: 

(VI) 



Ri R 3 R i R, 1 



wherein Ri and R 3 are independently selected from single and multi-atom groups. In some 
aspects Ri and R 3 are independently selected from oxidatively nonreactive groups, e.g., pre- 
ferably Ri and R 3 are independently selected from H and C1-C4 alkyl groups. 

15 Compounds of formula VI can be subjected to oxidation and cyclization. A compound 
produced by oxidation and cyclization is a carbazolone, such as 2-hydroxy-5,6,7,8-tetra- 
hydrocarbazole (Compound K), which can represen t another intermediate compound in 
carbazole synthesis. Dehydrogenation of the carbazolone can provide a carbazole, such as 
2-hydroxycarbazole (Compound L). 
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In another aspect, the synthesis of a compound of the invention comprising the bi-cyclic 
structure comprises a synthetic step of reacting a first compound having a 6-carbon cyclic 
structure and at least one carbon-carbon double bond comprising a hydroxyl group 
bonded to a cyclic carbon and an amine group bonded to a cyclic carbon with a second 
5 compound having a 6-carbon cyclic structure having no carbon-carbon double bonds and 
comprising a reactive oxygen bonded to one or more cyclic carbons. In a preferred aspect, 
this method is used to prepare a compound of formula VI. 

In this method, and in some aspects, the first compound can be represented by a com- 
pound of formula VQ: 



lo 11 (vn) 

NH-R 3 



where Ri is independently selected from single and multi-atom groups and R 3 is also a 
single or multi-atom group. In some aspects Ri and R 3 are independently selected from 
oxidatively non-reactive groups, and preferably R\ is independently selected from H and 
C r C 4 alkyl, and R 3 is H or C r C 4 a]kyl; and 
15 the second compound can be represented by a compound of formula m wherein Ri is 
independently selected from single and multi-atom groups, preferably independently 
selected from oxidatively non-reactive groups such as H and Ci-CUalkyl, and wherein Xs 
and X 7 form an oxide ring. 

In some specific aspects, the first compound is 3-amino-phenol and second compound is 
20 cyclohexene oxide. 

The embodiments of the present invention described herein are not intended to be ex- 
haustive or to limit the invention to the precise forms disclosed in the following detailed 
description. Rather, the embodiments are chosen and described so that others skilled in 
the art can appreciate and understand the principles and practices of the present invention. 

25 All publications and patents mentioned herein are hereby incorporated by reference. The 
publications and patents disclosed herein are provided solely for their disclosure. Nothing 
herein is to be construed as an admission that the inventors are not entitled to antedate any 
publication and/or patent, including any publication and/or patent cited herein. 
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Generally, the invention provides compounds comprising a bi-cyclic structure and 
methods for forming these compounds, as well as using these compounds or methods in 
the synthesis of a carbazole or derivative thereof The bi-cyclic structure comprises a first 
6-carbon cyclic moiety having at least one carbon-carbon double bond and a second 6- 
5 carbon cyclic moiety. The first and second moieties are interconnected via a divalent 
linking moiety. The divalent linking moiety can comprise an N or O atom. The first and 
second cyclic moieties also respectively include one or more oxygen-containing groups 
bonded to cyclic carbons. 

In more specific aspects, the bi-cyclic structure comprises a first 6-carbon cyclic moiety 
10 having at least one carbon-carbon double bond (e.g., partially unsaturated) and com- 
prising a ketone group or a hydroxyl group bonded to a cyclic carbon of the cyclic back- 
bone, and a 6-carbon second cyclic moiety having no carbon-carbon double bonds and 
comprising a hydroxyl group bonded to a cyclic carbon of the cyclic backbone, wherein a 
cyclic carbon in the beta position (as defined by the keto group or the cyclic carbon bonded 
15 to the hydroxyl group) on the first cyclic moiety is bonded via a divalent linking moiety to 
a cyclic carbon in the alpha position (as defined by the cyclic carbon bonded to the 
hydroxyl group) on the second cyclic moiety. A carbon-carbon double bond is present 
between the alpha and beta carbons of the first cyclic moiety. 

Given the first cyclic moiety can have at least one double bond, in some aspects the first 
20 cyclic moiety has a cyclohex-ene base structure. More specifically, e.g., the presence of a 
ketone group can provide the first cyclic moiety with a cyclohex-2-enone base structure. 

The first cyclic moiety can also have more than one carbon-carbon double bond. In these 
cases, the first cyclic moiety has a delocalized electron system in the ring, such as a benzene 
base structure. In these cases, the requirements for the first cyclic moiety having at least 
25 one of the carbon-carbon double bonds between the alpha and beta carbons is met. A first 
cyclic moiety having more than one carbon-carbon double bond and a hydroxyl group 
bonded to a cyclic carbon is exemplified by a phenol base structure. 

For the second cyclic moiety, the presence of a hydroxyl group can provide a cyclohexanol 
base structure. 

30 In addition to the one or more oxygen-containing groups bonded to cyclic carbons, the 
first and second 6-carbon cyclic moieties may include one or more other substituents that 
are independently selected from single or multi-atom chemical groups. The single or 
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multi-atom chemical groups can also be bonded to other single or multi-atom chemical 
groups, if present in the compound. Such bonding may form other cyclic structures fused 
to either, or both, the first and second cyclic moieties. 

In some aspects, these other single or multi-atom groups may be selected so as to be non- 
5 reactive under the conditions used for conversion of a compound of formula I to a com- 
pound having a fused tricyclic structure. For example, the substituents may be non-re- 
active in the presence of a palladium catalyzed oxidation reaction using halogenated 
aromatic hydrocarbon as the oxidant. Such groups are referred to herein as "oxidatively 
non-reactive groups". 

10 With these concerns in mind, examples of substituents that may be present can be inde- 
pendently selected from hydrogen; linear, branched, or cyclic alkyl; alkoxy, aryl, combina- 
tions of these and the like. Hydrogen and lower alkyl of 1 to 4 carbon atoms are most pre- 
ferred. For example, Ri and R2 groups can be independently selected from and include H, 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl and tert-butyl. 

15 In one aspect, the present invention relates to compounds of formula I, wherein the first 
cyclic moiety is represented by (a) and the second cyclic moiety is represented by (b). For 
purposes of describing the compounds of the invention, the nunibering of the cyclic 
carbons is shown, the numbering of which can be applied to describe compounds having a 
bi-cyclic structure: 



20 



0 ** 


HO 








JL (b) *Lr 




X 








A R, 
R i R, 



wherein Xi comprises a divalent linking moiety, and preferably is O or NR3, wherein R 3 is a 
single or multi-atom group; and C— -X 2 is either C=0 or C-OH, wherein if C— -X 2 is 
C=0 then Ri and R 2 are independently selected from single and multi-atom groups, or if 
C-— X 2 is C-OH then R 2 is zero and Ri is independently selected from single and multi- 
25 atom groups. When R 2 is zero the first cyclic structure (a) comprises an aryl moiety. 

Preferred compounds of formula I include those wherein each Ri, R 2 , and R 3 is indepen- 
dently selected from oxidatively non-reactive groups, and preferably independently 
selected from H and C1-C4 alkyl. 
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Compounds of formula I, as well as any other compound of any one of the formulas 
described herein, can be provided in the form of a salt, a racemate, a solvate, a tautomer, or 
optical isomer thereof, or the like, as desired. 

In other aspects, one, or more than one, Ri group can include reactive substituents. Ri 
5 bearing reactive substituents can be useful if it is desired to include other chemical moieties 
at one or more locations on a compound of the invention, or a product or derivative there- 
of. In some cases, an Ri group is reactive under conditions other than oxidation condi- 
tions, other than dehydrogenations conditions, or other than both. A chemical moiety can 
be added before or after oxidation, cyclization, and dehydration. 

10 Compounds of formula I may include one or more chiral carbons. Whether a given 

carbon at a position in a compound of formula I may depend on, individually, the Ri sub- 
stituent, and in some cases the group as defined by C — X 2 . 

In some embodiments, and wherein X 2 is C=0, the invention provides compounds of 
formula VIII: 



is R n 0 T I 1 cvno 




wherein Xi comprises a divalent linking moiety, and preferably is O or NR 3 , wherein 
Ri and R 3 are independently selected from single and multi-atom groups, more preferably 
Ri and R 3 are independently selected from oxidatively non-reactive groups, and most pre- 
ferably Ri and R 3 are independently selected from H and C r C 4 aJkyl. 

20 In some aspects, the invention provides compounds of formula IX: 



(DO 



wherein Ri and R 3 are independently selected from single and multi-atom groups, more 
preferably Ri and R 3 are independently selected from oxidatively non-reactive groups, and 
most preferably Ri and R 3 are independently selected from H and C1-C4 alkyl. 
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Preferred compounds of the present invention include those wherein Ri is H and R3 is H. 

These preferred compounds can have chiral carbons at at least positions 1 and 2 of the 
second cyclic moiety of the compound of formula DC Therefore, exemplary compounds of 
formula IX include 3-((/?)2-hydroxy-(5)cyclohexylamino)-cyclohex-2-enone, 3-((5)2- 
5 hydroxy-(/?)cyclohexylamino)-cyclohex-2-enone,3-((5)2-hydroxy-(^cyclohexylamm 
cyclohex-2-enone, and 3-((/?)2-hydroxy-(i?)cyclohexylamino)-cyclohex-2-enone. 

Compounds of formula DC can be synthesized by various approaches. These approaches 
represent other aspects of the invention. 

In one aspect, compounds of formula IX are synthesized by reacting a first compound 
10 having a 6-carbon cyclic structure comprising a keto group with a second compound 
having a 6-carbon cyclic structure, wherein either (a) the first compound comprises a 
primary amine group bonded to a cyclic carbon and the second compound comprises an 
oxygen bonded to a cyclic carbon that is reactive with the primary amine, or (ii) the second 
compound comprises a primary amine group bonded to a cyclic carbon and the first com- 
15 pound comprises an oxygen bonded to a cyclic carbon that is reactive with the primary 
amine. 

For example, the synthesis can include the reaction of a compound of formula II with a 
compound of formula HI where, in both formula II and formula EE, Ri is independently 
selected from single and multi-atom groups, and either in formula II X 3 — X4 — X5 is 
20 CH=C-NR 2 H, wherein R 2 is a single or multi-atom group and in formula m X6 and X 7 
form an oxide ring; or in formula II X 3 — X4 — X 5 is CH 2 -C=0 and in formula III X$ is OH 
> and X 7 is NR 2 H wherein R 2 is a single or multi-atom group. 

In some preferred aspects, each Ri and R 2 of formula II and III is independently selected 
from oxidatively non-reactive groups, and more preferably Ri is selected from H and C1-C4 
25 alkyi and R 2 is H or C1-C4 alkyl. 

Compounds of formula II and formula III can be used to prepare 3-(2-hydroxy-cyclo- 
hexylamino)-cyclohex-2-enone. Enantiomeric forms of formula II and formula III can be 
utilized to prepare 3-(2-hydroxy-cyclohexylamino)-cyclohex-2-enone with the desired 
stereochemistry. 

30 For example, in one mode of synthesis, 1,3-cyclohexanedione is reacted with 2-amino- 
cyclohexanol to provide 3-(2-hydroxy-cyclohexylamino)-cyclohex-2-enone. 1,3-cyclo- 
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hexanedione is commercially available from various sources, including e.g., Sigma- Aldrich 
(St. Louis, MO) and Robinson Brothers Ltd. (West Bromwich, West Midlands, UK). The 
2-aminocyclohexanol can be as or trans, to provide the corresponding cyclohex-2-enone 
product in as or trans configuration. (It is noted, however, that a product resulting from 
5 the oxidation and cyclization of the cyclohex-2-enone compound will result in the loss of 
the hydroxyl group and subsequently the chirality of the carbons on the cyclohexyl ring 
structure.) Cis or trans (or mixtures thereof) 2-aminocyclohexanol is commercially 
available from various sources, including e.g., Sigma- Aldrich (St. Louis, MO) and Gentaur 
(Brussels, Belgium). 

10 In one mode of practice compounds of Formula DC and formula II, such as 1,3-cyclo- 
hexanedione and 2-aminocyclohexanol, respectively, are dissolved in a non-polar aprotic 
solvent having a high boiling point, such as toluene. The compounds can be reacted at 
equimolar or near equimolar amounts. The compounds can be refluxed at temperatures of 
greater than 100°C, such as about 135°C. The product can be cooled and crystallized, 

15 followed by filtering, washing in a solvent such as toluene, and drying. 

The reaction provides excellent yields of compounds of formula DC (e.g., 3-(2-hydroxy- 
cyclohexylamino)-cyclohex-2-enone), in the range of 95%- 100%. 

In another mode for the synthesis, 3-amino-2-cyclohexen- 1-one is reacted with cyclo- 
hexene oxide to provide 3-(2-hydroxy-cyclohexylamino)-cyclohex-2-enone. 3-amino-2- 
20 cyclohexen- 1-one is commercially available from various sources, including e.g., ChemPur 
(Karlsruhe, Germany) and Lancaster Synthesis Inc (Windham, NH). Cyclohexene oxide is 
commercially available from Fluka (St. Louis, MO). 

In another aspect, the invention provides compounds of formula X: 

(X) 




25 wherein Ri is independently selected from single and multi-atom groups, and preferably 
oxidatively non-reactive groups, e.g., H and C1-C4 alkyl groups. 

Preferred compounds of the present invention include those wherein Ri is H. 
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Exemplary compounds of formula X include 3-((/?)2-hydroxy-cyclohexyloxy)-cyclohex-2- 
. enone and 3-((S)2-hydroxy-cyclohexyloxy)-cyclohex-2-enone. 

Compounds of formula X can be synthesized by reacting (a) a first compound comprising • 
a 6-carbon cyclic moiety having no carbon-carbon double bonds and comprising two keto 
5 groups with (b) a second compound having a 6-carbon cyclic moiety no carbon-carbon 
double bonds and comprising two hydroxyl groups bonded to cyclic carbons. 

For example, the synthesis can include the reaction of a compound of formula IV with a 
compound of formula V where, in both formula IV and formula V, Ri is independently 
selected from single and multi-atom groups, and preferably oxidatively non-reactive 
10 groups, e.g., H and C1-C4 alkyl groups. 

An exemplary compound of formula IV is cyclohexanedione and an exemplary compound 
of formula V is trans or as cyclohexanediol. 

In some aspects, compounds of formula Vm are subjected to an oxidation and cyclization 
reaction that cause elimination of the -OH group from the second cyclic moiety (b) via a 
15 keto intermediate, and causing formation of a C—C bond between the C at position 2 of 
the first cyclic moiety (a) and the C at position 1 of the second cyclic moiety (b), forming a 
compound having fused tricyclic structure which can be represented by formula XI: 



In providing structures of formula XI, and as indicated herein, Ri is preferably individually 
20 selected from groups that are non-reactive under oxidative conditions leading to the for- 
mation of a compound of formula XI. Preferably, Ri at any position is independently 
selected from the group consisting of H and linear or branched alkyl groups, such as C1-C4 
linear or branched alkyl groups. 




O 



R v R 



(XI) 



For example, oxidation and cyclization of compounds of formula DC, can cause formation, 
25 of oxocarbazole compounds of formula XII: 
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1 " Ri R 3 R i R, 

In another aspect, compounds of formula X are subjected to an oxidation and cyclization 
providing compounds of formula XIII: 



(XIH) 



5 Oxidation can be performed in the presence of a halogenated aromatic hydrocarbon and a 
catalyst. Exemplary aromatic halogenated aromatic hydrocarbons include halotoluenes, 
such as bromotoluene. During the oxidation process, the oxidant, such as bromotoluene, 
is converted into a byproduct, such as toluene. 

The catalyst can be chosen to complex with a portion of the oxidant during the oxidation 
10 process. One preferred catalyst comprises palladium, such as a palladium(0)-phosphine 
complex: An exemplary palladium catalyst is tetrakis(triphenylphosphine) palladium. 

In one mode of practice, oxidation of the -OH group of compounds of formula WI (c.f 
VIE) can be performed by combining a compound of VIII in the presence of a palladium 
catalyst, the halogenated aromatic hydrocarbon, and a base. Suitable bases include ah- 
15 hydrous carbonate bases, such/ as anhydrous potassium carbonate. 

In the catalytic cycle, oxidative addition of the halogenated aromatic hydrocarbon to the 
palladium catalyst occurs, forming a complex: 

L 
I 

Ar— lj>d— X 
L 

wherein L represents a ligand, such as a triphenylphosphine ligand, Ar represents an aryl 
20 group, and X represents a halogen atom. In the presence of the base, the hydroxyl group of 
a compound of formula VIII is oxidized to a keto intermediate. Oxidation to the keto 
intermediate occurs via exchange of the halogen atom X with the oxygen atom of the 
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hydroxyl group of the compound of formula VIII, B-hydride elimination then produces 
the compound of formula Vlll-keto intermediate and an arylpalladium hydride 
(HPdL^Ar) . The palladium(O) catalyst can be regenerated by reductive elimination of the 
aryl moiety. 

5 Cyclization of the compound of formula VTQ-keto intermediate occurs via C-C bond 
formation between the C at position 2 of cyclic structure (a) and the C at position 2 of 
cyclic structure (b) followed by loss of water. 

The oxidation reaction can be carried out in the presence of an aprotic solvent having a 
boiling point of greater than 1Q0°C, such as DMR In some modes of practice, the base can 

10 be used in a molar excess, such as about a two-fold or greater molar excess in relation to 
the compound of formula VIII. In some modes of practice, the oxidant is used in a molar 
amount approximately equivalent to that of the molar amount of the compound of 
formula VIII. Generally, the catalyst is used in a molar amount of a fraction of that of the 
compound of formula I, and in some modes of practice, the catalyst is used in a molar 

15 amount of about 1/40 of the molar amount of the compound of formula VIII is used. 

In some modes of practice, the oxidation and cyclization reaction is carried out at a tempe- 
rature of greater than 100°C, and preferably greater than 125°C, such as about 150°C. 

One advantage is seen in that formation of the compound having a fused tricyclic structure 
can be formed without the need for strong acids that are typically used in Fischer indole 
20 synthetic steps. Acids typically used in Fischer indole synthesis include polyphosphoric 
acid, HC1, and H2SO4. In Fischer indole synthesis these acids are typically used in a molar 
excess over the starting reagents. Therefore, synthesis of a compound of formula XI or XII 
can be performed in a non-acidic solvent. 

In some cases, compounds of formula XHI can be converted to oxocarbazole compounds 
25 of formula X. 

Some methods for the conversion of compounds of formula Xm to compounds of formula 
XII is by condensation of a compound of formula XIII with ammonia or a primary amine. 
Treatment of 4,5,6,7-tetrahydro-4-oxobenzofuran with a primary amine has been 
described as an alternative route to the formation of 4,5,6,7-tetrahydro-4-oxoindoles (US 
30 3,467,755) . See also Stetter and Lauterback ( 1962) Ann. 655, 20. 
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Following the condensation reaction, dehydrogenation as described herein can be carried 
out to provide a polycyclic phenol compound of formula XTV. 

In some aspects, dehydrogenation of a compound of formula XII is performed to provide 
compound of formula XIV: 




(XIV) 



In a preferred aspect of the invention, catalytic dehydrogenation is performed. In some 
cases, catalytic dehydrogenation is desirable in order to provide a hydroxyl group on the 
cyclic moiety and avoid further oxidation of the hydroxyl group to a carboxylate group. 
Preferably, dehydrogenation is carried out using a catalyst selected from the group con- 
10 sisting of nickel, palladium, and platinum catalysts. A suitable catalyst is, e.g., Raney 
nickel. 

Dehydrogenation can be carried out in a solvent having a high boiling point, such as di- 
phenyl ether. Preferably, the dehydrogenation reaction is carried out at a high tempera- 
ture, such as above 200°C, and most preferably about 250°C. The reaction can be carried 
15 out for a suitable period of time, and can be analyzed by thin layer chromatography to 
determine the conversion of the carbazole to the hydroxycarbazole. 

The reaction mixture can then be treated to purify the hydroxy carbazole product. For 
example, the reaction product can be diluted in an organic solvent, filtered, and then 
washed with an organic solvent. The organic washes can then be extracted with a basic 
20 solution, washed with an organic solvent, acidified, and then extracted. The organic ex- 
tracts can then be combined, dried, filtered, and then concentrated. 

Another aspect of the invention relates to methods for the synthesis of a compound of 
formula XV 




(XV) 
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One compound of formula XV is 2-hydroxycarbazole (2-HCB) which is a useful inter- 
mediate compound in the synthesis of a tricyclic alkylhydroxamate as described in WO 
02/085883 (see Examples 3, 5, 6, 7, and 8). 

Other synthetic approaches can be used to provide a compound of the invention com- 
5 prising the bi-cyclic structure. 

For example, a compound having the bi-cyclic structure can be formed in a process com- 
prising the step of reacting (a) a first compound having a 6-carbon cyclic structure having 
at least one carbon -carbon double bond and comprising a hydroxyl group bonded to a 
cyclic carbon and an amine group bonded to a cyclic carbon with (b) a second compound 
10 having a 6-carbon cyclic structure having no carbon-carbon double bonds and comprising 
a reactive oxygen bonded to one or more cyclic carbons. 

This step is preferably used for the synthesis of a compound of formula XV. 

For example, the synthesis can include the reaction of a compound of formula VII where, 
Ri is independently selected from single and multi-atom groups, and preferably oxidatively 
15 non-reactive groups such as H and C1-C4 alkyl, and R 3 is a single and multi-atom groups, 
and preferably an oxidatively non-reactive group, such as H or C1-C4 alkyl, with a com- 
pound of formula HI where Ri is as defined herein, and X6 and X7 form an oxide ring. 

The reaction of a compound of formula VII and a compound of formula HI, as defined, 
results in the formation of a compound of formula VI. 

20 Further oxidation and cyclization of formula VI results in a compound of formula XVI: 




(XVI) 



The compound of formula XVI can be subjected to dehydrogenation to provide a 
compound of formula XV. 

In one mode for the synthesis of a compound of formula VI, 3-aminophenol is reacted 
25 with cyclohexene oxide to provide 3-(2-hydroxy-cyclohexylamino)-phenol. Oxidation, 
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cyclization, and dehydration can be performed to provide 5,6,7,8-tetrahydro-carbazol-2-ol 
(CA#133 14-79-9.). Further dehydrogenation can provide 2-hydroxycarbazole. 

The invention also provides methods for using compounds of the present invention for the 
synthesis of therapeutically useful compounds. In some aspects, a compound comprising 
5 the bi-cyclic structure described herein can be prepared as an intermediate compound in 
the synthesis of a therapeutically useful compound. 

For example, a compound comprising a bi-cyclic structure of one of formula I, formula 
Vm, formula DC, formula X, or formula VI can be used as an intermediate compound for 
the synthesis of therapeutically useful compounds. In addition, precursors to any one of 
10 compounds of formula I, formula WI, formula DC formula X, or formula VI can be used 
in a synthetic scheme for the synthesis of therapeutically useful compounds. For example, 
one or more of a compound of formulas V, formula m, formula IV, formula V, or formula 
VH can be used for the preparation of an intermediate compound that is prepared in the 
synthesis of a therapeutically useful compound. 

15 In some aspects, a compounds comprising a bi-cyclic structure of one of formula I, 
formula VIII, formula EX, or formula X can be used as intermediate compounds for the 
synthesis of a compound that has an affect on adrenergic receptors. Hie compound syn- 
thesized can be an adrenergic receptors antagonist or agonist. Compounds and methods of 
the invention can be employed to produce an adrenergic receptors antagonist that is used 

20 to treat hypertension. For example, the intermediate compound may be used in the syn- 
thesis of a beta blocker. Compounds and methods of the invention can be employed to 
produce an adrenergic receptor agonist used to treat type II diabetes and obesity. 

In many aspects, the methods of the invention can be used to provide a carbazole, such as 
4-hydroxycarbazole, which can then be reacted to provide a carbazole derivative. 

25 For example, the hydroxyl group of 4-hydroxycarbazole can be reacted with a chemical 
moiety to provide an oxycarbazole derivative. 

In some aspects, a compound comprising a bi-cyclic structure of one of formula I, formula 
VEQ, formula DC, or formula X can be used for the synthesis of carvedilol. Carvedilol is 
chemically named (l-carbazole-4-yloxy)-3-[2-(2-methoxyphenoxy)] ethylaminopropan-2- 
30 ol. 
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For example, any one of the following synthetic schemes can be applied for the production 
of carvedilol (wherein "c.f." represents "compounds of formula" according to the inven- 
tion, OHOC is l,2,3,5,6,7,8,9-octahydro-4H-carbazol-4-one, 4-HCB is 4-hydroxycarb- 
azole): 

5 c.f. 11 + c.f. m c.f.I OHOC 4-HCB -> carvedilol 
c.f. 11+ c.f. IH c.f. IX OHOC 4-HCB -+ carvedilol 
c.f. IV + c.f. V -> c.f. X — * c.f. XIII-> OHOC 4-HCB carvedilol 

The preparation of carvedilol from 4-HCB can be carried out by various approaches. Any 
approach described in the prior art utilizing 4-HCB for the synthesis of carvedilol can be 
10 used in conjunction with the methods described herein. 

One approach involves reacting the hydroxyl group of 4-HCB with epichlorbhydrin under 
basic conditions to provide 4-oxiranylmethoxy-9H-carbazole. The reaction can be per- 
formed in a polar organic solvent at a temperature in the range of 20°C - 100°C. 4-oxiran- 
ylmethoxy-9H-carbazole can then be reacted with benzyl-[2-(2-methoxyphenoxy] ethyl- 
15 amine in an organic solvent at a temperature in the range of 40°C - 140°C. Hydrogenation 
of the resulting compound results in loss of the benzyl group and formation of the final 
product carvedilol. The benzyl protected form of 2-(2-methoxyphenoxy) ethylamine 
reduces the amount of a bis impurity and increases carvedilol yield. See EP 918055. . 

Bis impurity reduction and increased carvedilol yield can also be achieved by reacting an 
20 excess of 2-(2-methoxyphenoxy] ethylamine (unprotected) with 4-oxiranylmethoxy-9H- 
carbazole. Preferred molar ratios are in the range of 2.8:1 to 10:1. Preferred solvents for the 
reaction include toluene, xylene, and heptane. The reaction temperature can be in the 
range of 25°C to 150°C, and more preferably in the range of 60°C to 120°C. See US 
6,699,997. 

25 In other aspects, a compound comprising a bi-cyclic structure of one of formula I, formula 
Vm, formula IX, formula X, or formula VI can be used as intermediate compound for the 
synthesis of a compound that has an effect on cell proliferation. For example, the com- 
pound synthesized using one of these intermediate compounds can be a tricyclic alkyl- 
hydroxamate. The compound synthesized can have histone deacylase inhibitor activity. 

30 Compounds and methods of the invention can be employed to produce a compound 
useful in the treatment of cancer. 
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Some therapeutically useful tricyclic alkylhydroxamates are described in WO 02/085883. 
Methods of the invention can be used to provide a carbazole, such as 4-hydroxycarbazole 
or 2-hydroxycarbazole, which can then be subjected to one or more other reaction condi- 
tions to provide a tricyclic alkylhydroxamate. 

5 For example, any one of the following synthetic schemes can be applied for the production 
of carvedilol (2-HCB is 2-hydroxycarbazole): 
. c.f. II + c.f. HI — c.fj OHOC -* 4-HCB -» hydroxamide 
c.f. II + c.f. IU cf. IX -+ OHOC ^ 4-HCB hydroxamide 
c.f. IV + c.f. V-^ c.f. cf. Xin^ OHOC 4-HCB hydroxamide 
10 cf. VII + c.f. m — cf. VI -* cf. XVI -y 2-HCB — hydroxamide 

Other oxycarbazole derivatives are described in US 6,140,352 which is directed to the syn- 
thesis of selective beta 3 adrenergic receptor agonists which can be used to treat diabetes. 
Exemplary oxycarbazole derivatives include (^-4-[2-hydroxy-3-([4-(5-carbamoyl-2- 
pyridyloxy) phenyl] -2- methylpropylamino)propoxy] carbazole and 0S)-4-[2-hydroxy-3- 
15 ([4-(5-carboxy-2-pyridyloxy)phenyl]-2-methylpropylamino) propoxy] carbazole. For 

example, synthesis of the carbamoyl derivative can be accomplished by reacting 4-oxiranyl- 
methoxy-9H-carbazole with 4-(2-amino-2-methylpropyl)phenoxy)-5-carboxamide- 
pyridine in methanol at 60°C. 

Some therapeutically useful carbazolone-based compounds include a substituent on the 
20 first cyclic moiety (e.g., the cyclohexenone moiety) . For example, the anti-emetic drug 
odansetron (l,2,3,9-tetrahydro-9-methyl-3-[(2-methyl-lH-imidazol-l-yl)methyl]-4H- 
carbazol-4-one) has an imidazole-based group coupled to the cyclohexenone ring of the 
carbazolone portion of the molecule. Various approaches have been used for the syn thesis 
of odansetron and are discussed in US 2005/0020655. 

25 Thus, the present invention provides 

(a) a method for the synthesis of a carbazole or derivative thereof, comprising 

a step of preparing an intermediate compound comprising a bi-cyclic structure, the bi- 

cyclic structure comprising: 

a 6-carbon first cyclic moiety comprising a keto group, or a hydroxyl group bonded to a 
30 cyclic carbon, on the first cyclic moiety, and at least one carbon-carbon double bond that is 
present between alpha and beta cyclic carbons, and 
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a 6-carbon second cycKc moiety having no cyclic carbon-carbon double bonds and com- 
prising a hydroxy group bonded to a cyclic carbon on the second cyclic moiety, wherein a 
cyclic carbon in the beta position on the first cyclic moiety is bonded via a divalent linking 
moiety to a cyclic carbon in the alpha position on the second cyclic moiety, and 
5 a step of using the intermediate compound to synthesize the carbazole or derivative there- 
of; 

in particular, 

wherein in the step of preparing the divalent linking moiety comprises an N or O atom; 
wherein the step of preparing is used in a method for the synthesis of 4-hydroxycarbazole; 
10 wherein the step of preparing is used in a method for the synthesis of a carbazole or deriva- 
tive thereof that can affect an adrenergic receptor; in particular an adrenergic receptor 
antagonist; in particular carvedilol; 

wherein the step of preparing provides a compound of formula I wherein Xi is O or NR3, 
in particular wherein Xi is NR3, and R 3 is a single or multi-atom group; and C-— X 2 is 

15 either C=0 or C-OH, in particular C - -X 2 is either C=0; 

wherein if C- — X 2 is C=0 then Ri and R 2 are independently selected from single or multi- 
atom groups, in particular oxidatively non-reactive groups; in particular H and Ci-C^alkyl; 
or if C- — X 2 is C-OH then R 2 is zero and Ri is independently selected from single and 
multi-atom groups; in particular wherein the step of preparing provides 3-(2-hydroxy- 

20 cyclohexylamino)-cyclohex-2-enone; and 

a step of using the compound of formula I to synthesize the carbazole or derivative thereof; 
or wherein the step of preparing is used in a method for the synthesis of a carbazole or 
derivative thereof that comprises a tricyclic alkylhydroxamate; 

(b) the method as under (a) comprising a step of oxidation and cyclization of the interme- 
25 diate compound to provide an oxocarbazole; in particular wherein the step of oxidation 

and cyclization comprises a palladium-catalyzed oxidation and cyclization of the interme- 
diate compound; in particular wherein the step of oxidation and cyclization comprises an 
aryl-palladium alkoxide which mediates oxidation and cyclization of the intermediate 
compound; 

30 the method comprising a step of palladium-catalyzed dehydrogenation of the oxocarbazole 
to provide a hydroxycarbazole; 

(c) the method as under (a) wherein the carbazole or derivative thereof is 2-hydroxycarb- 
azole; 

(d) the method as under (a) wherein the step of preparing is used in a method for the 
35 synthesis of a carbazole or derivative thereof that can affect cell proliferation; 
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(e) the method as under (a) wherein the step of preparing is used in a method for the 
synthesis of a carbazole or derivative thereof that comprises histone deacylase inhibitor 
activity; 

(f) a compound of formula I wherein Xi comprises a divalent linking moiety; and C — X 2 
5 is either C=0 or C-OH, 

wherein if C— - X 2 is C=0 then each R x and R 2 are independently selected from single or 
multi-atom groups, or 

if c— - X 2 is C-OH then R 2 is zero and each Ri is independently selected from single and 
multi-atom groups; 
10 in particular 

wherein Xi is O or NR 3 , and R 3 is a single or multi-atom group; in particular wherein 
C— -X 2 is C=0; 

wherein each Ri and R 2 are independently selected from oxidatively non-reactive groups; 
in particular wherein each Ri and R 2 are independently H or d-dalkyl; in particular 
15 which is 3-(2-hydroxy-cyclohexylamino)-cyclohex-2-enone; 

wherein Xi is O; in particular wherein C— -X 2 is C=0; in particular wherein each Ri and R 2 
are independently H or Ci-C 4 alkyl; in particular 3-(2-hydroxy-cyclohexyloxy)-cyclohex-2- 
enone; 

wherein C- — X 2 is C-OH; in particular wherein R 2 is zero and each Ri is independently H 
20 or C1-C4 alkyl; in particular 3-(2-hydroxy-cyclohexylamino) -phenol; 

(g) a method for the synthesis of a carbazole or derivative thereof, the method comprising 
a step of reacting: 

a first compound comprising a 6-carbon cyclic structure comprising a keto group with, 
a second compound comprising a 6-carbon cyclic structure, wherein either 

25 the first compound comprises a primary amine group bonded to a cyclic carbon and the 
second compound comprises an oxygen bonded to a cyclic carbon that is reactive with the 
primary amine of the first compound, or the second compound comprises a primary 
amine group bonded to a cyclic carbon and the first compound comprises an oxygen 
bonded to a cyclic carbon that is reactive with the primary amine of the second compound, 

30 to provide an intermediate compound comprising a bi-cyclic structure, and 

a step of using the intermediate compound for the synthesis of a carbazole or derivative 
« 

thereof; 

in particular wherein in the step of reacting, the first compound is a compound of formula 
II which is reacted with the second compound, which is a compound of formula III where, 
35 in both formula II and formula HI, each Ri is independently selected from single and 
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multi-atom groups and either in formula II X3--X4— X 5 is CH=C-NR:>H, wherein R 2 is a 
single or multi-atom group and in formula III X6 and X7 form an oxide ring; or in formula 
II X 3 — X4—X5 is CH 2 -C=0 and in formula HI Xe is OH and X 7 is NR 2 H wherein R 2 is a 
single or multi-atom group; 
5 in particular wherein the step of reacting, in formula II X 3 — X4 — X 5 is CH 2 -C=0, wherein 
R 2 is an oxidatively non-reactive group, and in formula HI Xe is OH and X7 is NR 2 H 
wherein R 2 is oxidatively non-reactive group; in particular wherein the step of reacting, in 
formula II R 2 is an H or C1-C4 alkyl, and in formula m R 2 is H or Ci-C^alkyl; 
in particular wherein the step of reacting the first compound is 1,3-cyclohexanedione or 

10 wherein the step of reacting the second compound is 2-aminocyclohexanol; 

in particular wherein in the step of reacting, in formula II X 3 — X4 — X 5 is CH=C-NR 2 H, 
wherein R 2 is an oxidatively non-reactive group, and in formula IE Xs and X7 form an 
oxide ring; in particular wherein the step of reacting, in formula II R 2 is H or d-C^alkyl; in 
particular wherein the first compound is 3-amino-2-cyclohexene- 1-one or wherein the 

15 second compound is cyclohexene oxide; 

(h) a method for the synthesis of a carbazole or derivative thereof, the method comprising 
a step of reacting: 

a first compound comprising a 6-carbon cyclic moiety having no carbon-carbon double 
bonds and comprising two keto groups with 
20 a second compound comprising a 6-carbon cyclic moiety having no carbon-carbon double 
bonds and comprising two hydroxyl groups bonded to cyclic carbons, 
to provide and intermediate compound comprising a bi-cyclic structure, and 
a step of using the intermediate compound for the synthesis of a carbazole or derivative 
thereof; 

25 wherein in the step of reacting, the first compound is a compound of formula IV and the 
second compound is a compound of formula V where, in both formula IV and formula V, 
each Ri is independently selected from single and multi- atom groups; in particular wherein 
the first compound is cyclohexanedione or wherein the second compound is cyclohexane- 
diol; 

30 (i) a compound of formula VI wherein each R\ is independently selected from single and 
multi-atom groups; in particular oxidatively non-reactive groups, in particular H and d- 
Gjalkyl; or the compound of formula VI is 3-(2-Hydroxy-cyclohexylamino)-phenol; 
(j) a method for the synthesis of a carbazole or derivative thereof, the method comprising a 
step of reacting 



WO 2007/077111 PCT/EP2006/069794 

" -25- 

a first compound comprising a 6-carbon cyclic structure having at least one carbon-carbon 
double bond and comprising a hydroxyl group bonded to a cyclic carbon and an amine 
group bonded to a cyclic carbon with 

second compound comprising a 6-carbon cyclic structure having no carbon-carbon double 
5 bonds and comprising a reactive oxygen bonded to one or more cyclic carbons, 
to provide an intermediate compound comprising a bi-cyclic structure, and 
a step of using the intermediate compound for the synthesis of a carbazole or derivative 
thereof; 

wherein the step of reacting comprises reacting the first compound which comprises a 
10 compound of formula VH wherein each Ri is independently selected from single and 
multi-atom groups and R 3 is a single or multi-atom group, 

with the second compound which comprises a compound of formula IE wherein each Ri is 
independently selected from single and multi-atom groups and Xs and X7 form an oxide 
ring; 

15 in particular wherein the first compound comprising 3-amino-phenol; or wherein the 
second compound comprising cyclohexene oxide; or 

wherein the step of using the intermediate compound is for the synthesis of 2-hydroxy- 
carbazole. 

EXAMPLES 

20 Example 1: 3-(2-Hydroxycyclohexyl)amino-2-cyclohexenone (Compound G) 

to 

H 

Compound G 
C 12 H l9 N0 2 
209.29 

A 1000 mL3-necked flask with teflon paddle stirrer/glass shaft, Dean-Stark trap with con- 
denser and dry N 2 adapter, and a teflon stopper were used as equipment for the synthesis 
reaction. 

25 A mixture of 20.43 g ( 176.8 mmol) of 97% cyclohexane- 1, 3-dione (compound C), 20.36 g 
( 176.8 mmol) 2-aminocyclohexanol (compound F), and 300 mL toluene was refluxed 
(bath 135°C) (Dean-Stark trap to collect H 2 0; theoretical H 2 0 is 3.2 g, collected 2.9 mL) 
for 1.5 h. The suspension (2 layers) was cooled, resulting in crystallization of the lower 




Compound C Compound F 

C 6 H 8 O z C 6 H 13 NO 
112.13 115.17 
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layer. The solid was suction filtered, washed with 100 mL toluene, and dried in vacuo for 
15.5 h to afford 36.41 g of bright yellow solid (NMR#5580). 
Theoretical Yield - 36.99 g; Percent Yield: 98.4% crude 

Example 2: l,2,3,5,6,7,8 ) 9-Octahydro-4H-carbazol-4-one (OHOC; Compound I) 



5 




Compound G Compound H Compound I 

C 12 H 10 NO 2 199.10 C 12 H 15 NO 

209.29 189.25 



A 250 mL3-necked flask with teflon paddle stirrer, condenser with dry N2 adapter, and 
septum were used as equipment for the synthesis reaction 

A mixture of 11.60 g (57.3 mmol) of 3-(2-hydroxycyclohexyl)amino-2-cyclohexenone 
(Compound G) as described in Example 1, 8.9 mL(11.60 g, 58.3 mmol) 2-bromo- 

10 mesitylene (Compound H), 16.1 g (117 mmol) anhydrous potassium carbonate (K 2 C0 3 ), 
1.653 g (1.43 mmol) tetrakis(triphenylphosphine)palladium (Pd(PPh 3 )4)> and 100 mL 
DMF was heated at 150°C for 12 h. Pd(PPh 3 ) 4 [14421-01-3] mw is 1155.58 and was 
purchased from Strem (catalog #46-2150). The catalyst was stored in the freezer and 
h an died in glove bag un der N2. 

15 The solution was cooled and poured into 1000 mLH 2 0. The mixture was extracted with 
ethyl ether five times (500 mL, 8 x 200 mL). The combined extracts were washed with 100 
mL brine, dried (MgS0 4 ), filtered, and concentrated on a rotary evaporator at 25 °C and 
60mm Hg. The residue was taken up in 100 mL ethyl ether and the solid suction filtered, 
washed with 35 mL ethyl ether, and dried in vacuo (vacuum pump at 25°C and 1 mm Hg 

20 for 19 h) to afford 8.16 g of beige solid. NMR was performed to confirm the identity of the 
compound. 

Note: The ether mother liquors were concentrated in vacuo (rotary evaporator at 25°C and 
160 mm Hg then vacuum pump at 25°C and 1 mm Hg for 47 h) to afford 2.19 g of yellow- 
brown tar-solid. NMR was performed to confirm the identity of the compound. 
25 Theoretical Yield - 10.85 g; Percent Yield: 75.2% crude 
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Example 3: 4-Hydroxycarbazole 




H 



H 



Compound I 

C l2 H 15 NO 

189.25 



Compound B 
C 12 H e NO 



183.21 



10 



15 



20 



A 50 mL3-necked flask with condenser (air cooling) with dry N 2 adapter, septum with 
stainless thermocouple, adapter with N 2 sparge tube (Ace Glass filter tube, porosity B, 
catalog #9436-04), mantle with Variac (set to 75%), aluminum foil/glass wool flask and 
jacket were used as equipment for the synthesis reaction 

A suspension of crude OHOC (Compound I) as prepared in Example 2 (0.500 g, 2.64 
mmol) and 125 mg of 10% palladium on carbon (12.5 mg Pd, 0.1 18 mmol, 4.45 mol%) in 
10 mL diphenyl ether was refluxed (pot temperature 250-255°C). 
To achieve a 250°C pot, the sparge rate was reduced to 0.6mL/min and the Variac setting 
increased to 80%. Heating was started at time 0 and at 18 minutes the pot temperature 
reached 200°C. At this time the sparge rate was reduced and at 35 minutes the pot tempe- 
rature reached 250°C. After 5 h at 250°C, there was no detectable increase in conversion 
(low conversion) . At this time 250 mg of addition al Pd/C was added to the suspension (at 
100°C) which was then re-heated over 12 min to 250°C, and then kept at 250°C for 1 h. 
After 1 h high conversion was seen as determined by a good Compound B/ Compound I 
ratio. Product analysis was performed by TLC (7:3 hexanes-EtOAc), which separates the 
starting material, Compound B, Compound I, and diphenyl ether. 

The suspension was cooled, diluted with lOmL toluene, then suction filtered through 2.0 g 
of cellulose. The cellulose cake was washed with 10 mL toluene. The combined organic 
layers were extracted with 10 mL of 1 N NaOH twice. The (deep purple) aqueous layers 
were washed with 10 mL toluene three times, acidified with 21 mL of 1 N HC1, then ex- 
tracted with 10 mL ethyl acetate three times. The combined organic extracts were dried 
(MgS0 4 ), filtered, and concentrated in vacuo (rotary evaporator at 35°C and 70 mm Hg 
then vacuum pump at 25°C and 1 mm Hg for 15 h) to afford 262.5 mg of dark solid. 
The TLC of the ethyl acetate solution shows hydroxycarbazole and trace low Rf spot(s) 
which also darken in light/air. 

Theoretical Yield = 0.484 g; Percent Yield: 54.2% crude 
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Cis- and rra/i5-3-(2-Hydroxycyclohexyl)amino-2-cyclohexenone (Com- 
pound G) 

O 

C 6 H 10 O 
98.14 

Trans-2- Aminocyclohexanol (tam-compound F) was prepared from a mixture of 10.0 mL 
5 (9.71 g, 98.9 mmol) of cyclohexene oxide, 68 mL (60.8 g, 17.0 g NH 3 , 1.00 mol) of 28% 
ammonium hydroxide, and 40 mL methanol, which was stirred at 25°C for 23 h. Volatiles 
were removed by distillation at atmospheric pressure. The residual peach-colored syrup 
was Kugelrohr distilled at 175°C (oven) and 0.4 mm Hg to afford 8.50 g (74.6%) of {trans- 
compound F) colorless solid. 

10 Q's , -3-[(2-Hydroxycyclohexyl)amino]-2-cyclohexen- 1-one (ds-compound G) [464-271] 
was prepared from a mixture of 8.03 g (69.5 mmol) of 97% cyclohexanedione, 8.00 g (69.5 
mmol) of ris-2-aminocyclohexanol (a>8), and 125 mL toluene, which was refluxed (bath 
130°C) using a Dean-Stark trap for 1 h. (Theoretical H 2 0 = 1.25 mL, collected 1.10 mL). 
After cooling the suspension to 25°C, the precipitate was suction filtered, washed with 25 

15 mL toluene, and dried in vacuo (at 25°C and 1 mm Hg) to afford 14.13 g (97.1%) of (as- 
compound G) as a bright yellow solid. 

An analytical sample was prepared by recrystallization from acetonitrile, m.p. 150- 154°C; 
500 MHz *H NMR (CDC1 3 ) 5 5.6 (br, 1H), 5.14 (s, 1H), 4.02 (m, 1H), 3.6 (br, 1H), 3.34- 
3.29 (m, 1H), 2.37-2.34 (m, 2H), 2.31-2.29 (m, 2H); 1.97-1.92 (m, 2H), 1.89-1.86 (m, 1H), 
20 1.75-1.44 (m, 6H), 1.31-1.24 (m,.lH); 125 MHz 13 C NMR (CDCI3) 5 197.7, 164.6, 96.5, 
67.5, 54.5, 36.5, 32.4, 30.3, 25.9, 24.3, 22.1, 19.6; IR (KBr) 3292, 3115, 2936, 1583, 1530, 
1270, 1188, 1142, 1126, 986 cm" 1 . Anal. Calcd for Ci 2 Hi 9 N0 2 : C, 68.87; H, 9.15; N, 6.69. 
Found: C, 68.70; H, 9.20; N, 6.89. 

rr^5-3-[(2-Hydroxycyclohexyl)amino]-2-cyclohexen- 1-one (frans-compound G) [464- 
25 260] was prepared from a mixture of 8.03 g (69.5 mmol) of 97% cyclohexanedione, 8.00 g 
(69.5 mmol) of rra*s-2-aminocyclohexanol (trans-S), and 150 mL toluene, which was re- 
fluxed (bath 135°C) using a Dean-Stark trap for 1 h. (Theoretical H 2 0 = 1.25 mL, collected 
1 .25 mL) . After cooling the suspension to 25°C, the precipitate was suction filtered, washed 
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W^^^^ toluene \X^ N '"'\^ 

Compound F / Compound G 

C 6 H 13 NO C 12 H l9 NO z 
115.17 209.29 
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with 25 mL toluene, and dried in vacuo (at 25°C and 1 mm Hg) to afford 14.50 g (99.7%) 
of (trans-9) as a bright yellow solid. 

An analytical sample was prepared by recrystallization from acetonitrile, m.p. 190-192°C; 
500 MHz ! H NMR (CDC1 3 ) 8 5.22 (s, 1H), 5.1 (br, 1H), 3.45-3.40 (m, 1H), 3.19-3.13 (m, 
5 1H), 2.41-2.24 (m, 4H), 2.15-2.1 (br, 1H), 2.08-2.06 (m, 1H), 1.97-1.92 (m, 2H), 1.78-1.76 
(m, 1H), 1.70-1.67 (m, 1H), 1.43-1.22 (m, 3H), 1.11-1.05 (m, 1H); 125 MHz 13 C NMR 
(CDCI3) 8; IR (KBr) 3303, 3103, 2935, 2864, 1586, 1192, 1070, 808 cm' 1 . Anal. Calcd for 
C12H19NO2: C, 68.87; H, 9.15; N, 6.69. Found: C, 68.87; H, 9.19; N, 6.76. 
A mixture of as- and rran5 , -3-[(2-Hydroxycyclohexyl)amino]-2-cyclohexen-l-one (com- 

10 pound G) [431-097] was prepared from a mixture of 20.43 g (176.8 mmol) of 97% cyclo- 
hexanedione, 20.36 g (176.8 mmol) of 2-aminocyclohexanol (compound F) (~ 4:1 cis-trans 
mixture), and 300 mL toluene was refluxed (bath 135°C) using a Dean-Stark trap for 1.5 h. 
(Theoretical H 2 0 = 3.2 mL, collected 2.9 mL). Hie two-phase suspension was cooled, re- 
sulting in crystallization of the lower layer. The precipitate was suction filtered, washed 

15 with 100 mL toluene, and dried in vacuo (at 25°C and 1 mm Hg) to afford 36.41 g (98.4%) 
of Compound G as a bright yellow solid. 

Example 5: l,2,3,5,6,7,8,9-Octahydro-4H-carbazol-4-one (OHOC; Compound I) 

l,23,5,6,7,8,9-Octahydro-4H-carbazol-4-one(OHOC) (Compound I) [483-237] was pre- 
pared from a mixture of 1.179 g (5.83 mmol) of a>3-[(2-hydroxycyclohexyl)amino]-2- 

20 cyclohexen-l-one (a>Compound G), 0.89 mL(1.16 g, 5.83 mmol) 2-bromomesitylene 
(Compound H), 1.61 g (11.7 mmol) anhydrous potassium carbonate, 12.6 mg (0.0000109 
mmol, 0.187 mol%) tetrakis(triphenylphosphine)palladium, and 1.0 mL DMF was heated 
at 150°C for 15 h. The suspension was cooled and 10 mL H 2 0 added. The precipitate was 
suction filtered, washed with 10 mLH 2 0, and air dried 2 h at 25°C to afford 1.04 g (94.3%) 

25 of Compound I as a tan solid. 

l,2,3,5,6,7,8,9-Octahydro-4H-carbazol-4-one(OHOC) (Compound I) [483-236] was pre- 
pared from a mixture of 1.179 g (5.83 mmol) of rrans-3-[(2-hydroxycyclohexyl) amino] -2- 
cyclohexen-l-one (fra/is-Compound G), 0.89 mL(1.16 g, 5.83 mmol) 2-bromomesitylene, 
1.61 g (11.7 mmol) anhydrous potassium carbonate, 13.3 mg (0.0000115 mmol, 0.197 

30 mol%) tetrakis(triphenylphosphine)palladium, and 1.0 mL DMF was heated at 150°C for 
15 h. The suspension was cooled and 10 mLH 2 0 added. The precipitate was suction 
filtered, washed with 10 mL H 2 0, and air dried 2.5 h at 25°C to afford 0.98 g (89%) of 
Compound I as a tan solid. 
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l,2,3,5,6,7,8,9-Octahydro-4H-carbazol-4-one (OHOC) (Compound I) [483-242]] was 
prepared from a mixture of 1.179 g (5.83 mmol) of 3-[(2-hydroxycyclohexyl)amino]-2- 
cyclohexen-l-one (Compound G; tis-trans mixture), 0.89 mL(1.16 g, 5.83 mmol) 2- 
bromomesitylene, 1.61 g (11.7 mmol) anhydrous potassium carbonate, 14.9 mg 
5 (0.0000129 mmol, 0.221 mol%) tetrakis(triphenylphosphine)palladium, and 1.0 mLDMF 
was heated at 150°C for 15 h. The suspension was cooled and 10 mL H 2 0 added. The pre- 
cipitate was suction filtered, washed with 10 mLH20, and air dried 2.5 h at 25°C to afford 
0.99 g (90%) of Compound I as a tan solid. 

Example 6: 4-Hydroxycarbazole 

10 4-Hydroxycarbazole (Compound B) [475-010] was prepared by adding OHOC (com- 
pound I) (0.189 g, 1.00 mmol) to a solution of 0.330 g (5.00 mmol) of 85% potassium 
hydroxide pellets in 3 mLH 2 0. Raney Nickel slurry (3.31 g) was added via disposable glass 
pipette and the resulting suspension refluxed under N 2 for 90 h. 
The suspension was suction filtered through 2 g cellulose and the filter cake was washed 

15 with 10 mL H 2 0. The combined mother liquors were acidified by adding 9.0 mL of 1 N 
HC1 then extracted with 25 mL ethyl acetate. The combined extracts were dried (MgS0 4 ), 
filtered, and concentrated in vacuo (rotary evaporator at 35°C and 65 mm Hg then vacuum 
pump at 25°C and 1 mm Hg) to afford 0.140 g (76.9%) of Compound B as a colorless 
solid. 

20 Example 7: 2-Hydroxycarbazole 



150 <C 




Compound K Compound L 



Cyclohexene oxide is converted to 2-hydroxycarbazole (Compound L) in three steps: ring 
opening with 3-aminopheriol to produce aminoalcohol (Compound J), palladium-cata- 
lyzed oxidation/cyclization to 2-hydroxy-5,6,7,8-tetrahydrocarbazole (Compound K), and 
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catalytic dehydrogenation. The uncatalyzed epoxide opening occurs at elevated tempera- 
ture. The epoxide opening is catalyzed by Lewis acids. 
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1. A method for the synthesis of a carbazole or derivative thereof, comprising 

a step of preparing an intermediate compound comprising a bi-cyclic structure, the bi- 
cyclic structure comprising: 
5 a 6-carbon first cyclic moiety comprising a keto group, or a hydroxyl group bonded to a 
cyclic carbon on the first cyclic moiety, and at least one carbon-carbon double bond that is 
present between alpha and beta cyclic carbons, and 

a 6-carbon second cyclic moiety having no cyclic carbon-carbon double bonds and com- 
prising a hydroxy group bonded to a cyclic carbon on the second cyclic moiety, wherein a 
10 cyclic carbon in the beta position on the first cyclic moiety is bonded via a divalent linking 
moiety to a cyclic carbon in the alpha position on the second cyclic moiety, and 
a step of using the intermediate compound to synthesize the carbazole or derivative 
thereof. 

2. The method of claim 1 wherein the step of preparing provides a compound of formula I: 



15 




(I) 



wherein Xi is O or NR 3 , and R 3 is a single or multi-atom group; and C— -X 2 is either C=0 
orC-OH, 

wherein if C— -X 2 is C=0 then Ri and R 2 are independently selected from single or multi- 
atom groups, or 

20 if C- — X 2 is C-OH then R 2 is zero and Ri is independently selected from single and multi- 
atom groups, and 

in the step of using, the compound of formula I is used in a reaction to synthesize the carb- 
azole or derivative thereof 



3. A compound of formula I: 
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* 2 R i R, 
2 R,R t 1 

wherein Xi comprises a divalent linking moiety; and C — X 2 is either C-0 or C-OH, 
wherein if C— -X 2 is C=0 then each Ri and R 2 are independently selected from single or 
multi-atom groups, or 

5 if c— -X 2 is C-OH then R 2 is zero and each Ri is independently selected from single and 
multi-atom groups. 

4. The compound of claim 3 which is 3-(2-hydroxy-cyclohexylamino)-cyclohex-2-enone: 

Aoo 

H 

or 3-(2-hydroxy-cyclohexyloxy)-cyclohex-2-enone: 

to 

or 3-(2-hydroxy-cyclohexylamino)-phenol: 

H 

5. A method for the synthesis of a carbazole or derivative thereof, the method comprising a 
step of reacting: 

15 a first compound comprising a 6-carbon cyclic structure comprising a keto group with, 
a second compound comprising a 6-carbon cyclic structure, wherein either 
the first compound comprises a primary amine group bonded to a cyclic carbon and the 
second compound comprises an oxygen bonded to a cyclic carbon that is reactive with the 
primary amine of the first compound, or the second compound comprises a primary 
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10 



15 



amine group bonded to a cyclic carbon and the first compound comprises an oxygen 

bonded to a cyclic carbon that is reactive with the primary amine of the second compound, 

to provide an intermediate compound comprising a bi-cyclic structure, and 

a step of using the intermediate compound for the synthesis of a carbazole or derivative 

thereof. 

6. A method for the synthesis of a carbazole or derivative thereof, the method comprising a 
step of reacting: 

a first compound comprising a 6-carbon cyclic moiety having no carbon-carbon double 
bonds and comprising two keto groups with 

a second compound comprising a 6-carbon cyclic moiety having no carbon-carbon double 

bonds and comprising two hydroxyl groups bonded to cyclic carbons, 

to provide and intermediate compound comprising a bi-cyclic structure, and 

a step of using the intermediate compound for the synthesis of a carbazole or derivative 

thereof. 

7. A compound of formula VI: 



wherein each Ri and R 3 is independently selected from single and multi-atom groups. 
8. The compound of claim 7 which is 3-(2-hydroxy-cyclohexylamino)-phenol: 



9. A method for the synthesis of a carbazole or derivative thereof, the method comprising a 
step of reacting 

a first compound comprising a 6-carbon cyclic structure having at least one carbon-carbon 
double bond and comprising a hydroxyl group bonded to a cyclic carbon and an amine 
group bonded to a cyclic carbon with 




l 3 



(VI) 




H 
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second compound comprising a 6-carbon cyclic structure having no carbon-carbon double 
bonds and comprising a reactive oxygen bonded to one or more cyclic carbons, 
to provide an intermediate compound comprising a bi-cyclic structure, and 
a step of using the intermediate compound for the synthesis of a carbazole or derivative 
5 thereof. 

10. The method of claim 9 wherein the step of reacting comprises reacting the first com- 
pound which comprises a compound of formula W: 



wherein each Ri is independently selected from single and multi-atom groups and R 3 is a 
10 single or multi-atom group, 

with the second compound which comprises a compound of formula HI: 



wherein each R x is independently selected from single and multi-atom groups and Xs and 
X 7 form an oxide ring. 




(VII) 




INTERNATIONAL SEARCH REPORT 


International application No 

PCT/EP2006/069794 


A. CLASSIFICATION OF SUBJECT MATTER r /-,,. ™-,„r>«r /™ 

INV . C07D209/88 C07C49/753 C07C215/76 C07C225/20 




According to International Patent Classiflcallon (IPC) or to both national classification and IPC 






B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

C07D C07C 


Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , CHEM ABS Data, WPI Data, BEILSTEIN Data 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, wilh indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


ROTH, HERMANN J. ET AL: "Tetrahydroindol 
-4-ones from en amines of 
.beta.-dicarbonyl compounds" 
ARCHIV DER PHARMAZIE UND BERICHTE DER 
DEUTSCHEN PHARMAZEUTISCHEN GESELLSCHAFT 
ISSN: 0376-0367, 

vol. 304, no. 1, 1971, pages 73-76, 

XP002423955 

the whole document 




1-5 






/- 






| X| Further documents are listed In the continuation of Box C. 


[ | See patent family annex. 




* Special categories of cited documents : 

'A' document defining the general stale of the ait which is not 

considered to be of particular relevance 
a E" earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority claim(s) or 
which Is cited to establish the publication dale of another 
citation or other special reason (as speeded) 

'0* document referring to an oral disclosure, use, exhibition or 
other means 

•P* document published prior to the International fifing date but 
later than the priority date claimed 


T later document published after the international filing date 
or priority dale and not In conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

•X* document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document Is taken alone 

'V document of particular relevance; the claimed Invention 
cannot be considered to Involve an Inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 


Date of the actual completion of the International search 


Date of mailing of the international search report 


13 March 2007 


04/06/2007 




Name and mailing address of the ISA/ 

European Patent Office, P.B. 5818 Patentlaan 2 
Nl_ - 2280 HV Rijswqk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70)340-3016 


Authorized officer 

Fink, Dieter 



Form FCT7ISA/210 {second sheet) (April 2005) 



page 1 of 3 



INTERNATIONAL SEARCH REPORT 



International application No 

PCT/EP2006/069794 



C(Continuatlon). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* Citation of document, wilh Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A0YA6I Y ET AL: "Facile and Efficient 
Synthesis of Pyrroles and Indoles via 
Palladium-Catalyzed Oxidation of 
Hydroxy-Enami nes and -Amines" 
TETRAHEDRON LETTERS, 
vol. 37, no. 51, 

16 December 1996 (1996-12-16), pages 
9203-9206, XP004070599 
ISSN: 0040-4039 
the whole document 

IIDA, HIDEO ET AL: "Intramolecular 
cyclization of enami nones involving 
arylpalladium complexes. Synthesis of 
carbazoles" 

JOURNAL OF ORGANIC CHEMISTRY ISSN: 
0022-3263, 

vol. 45, no. 15, 1980, pages 2938-2942, 

XP002423956 

page 2939; table IV 

page 2940; table V 



1-5 



ROTH, H. J. ET AL: "Synthesis of indole 
and carbazole derivatives by 
condensation of .alpha.- hydroxyketones 
and aromatic amines" 
ARCHIV DER PHARMAZIE UND BERICHTE DER 
DEUTSCHEN PHARMAZEUTISCHEN GESELLSCHAFT 
ISSN: 0376-0367, 

vol. 305, no. 3, 1972, pages 159-171, 

XP002423957 

the whole document 



1,7,8 



CAMPAIGNE, E. E. ET AL: "Synthesis of 

tetrahydrocarbazoles and carbazoles by 

the Bischler reaction" 

JOURNAL OF ORGANIC CHEMISTRY ISSN: 

0022-3263, 

vol. 24, 1959, pages 478-487, XP002423958 
the whole document 



1,7,8 



CHATTERJEA J N ET AL: "Notiz iiber die 
Synthese von 4-Oxo-octahydro-dibenzofuran' 
CHEMISCHE BERICHTE, 

vol. 92, 1959, pages 998-999, XP002315662 
ISSN: 0009-2940 
the whole document 

-/-- 



Focm PCT/ISA/210 (continuation of second sheet) (April 2005) 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 



International application No 

PCT/EP2006/069794 



C(Continuatlon). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P,X 



DANCHEV, D. ET AL: "Derivatives of 

2-ami no-1 ,2,3, 4-tetrahydronaphthal ene . I . 

Synthesis of some N-substituted 

tr ans-2-ami no-3-hydroxy-l ,2,3, 4-tetr ahydro 

naphthalenes" 

ARCHIV DER PHARMAZIE ISSN: 0365-6233, 

vol. 307, no. 8, 1974, pages 596-602, 

XP002423959 

page 601, paragraph 3 

AOYAGI ET AL: "Efficient synthesis of 
pyrroles and 4,5,6,7-tetrahydroindoles via 
palladium-catalyzed oxidation of 
hydroxy-enami nes " 
TETRAHEDRON, 
vol. 62, no. 36, 

4 September 2006 (2006-09-04), pages 

8533-8538, XP005577071 

ISSN: 0040-4020 

page 8533; Scheme 1 

page 8534; table 1, entry 19 

page 8536; Scheme 2, the preparation of 

compound 4s 



9,10 



1-5 



Form PCT/lSA/210 (continuation of second sheet) (April 2005) 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/EP2006/069794 



Box 1! Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 



This International Search Report has not been established in respect of certain claims under Article 17{2)(a) for the following reasons: 



because they relate to parts of the international Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



— because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this International application, as follows: 

see additional sheet 

1 . I | As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
I — i searchable claims. 

2. I I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 




because they relate to subject matter not required to be searched by this Authority, namely: 






of any additional fee. 



3. 



□ 



As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
covers only those claims for which fees were paid, specifically claims Nos.: 



4. 



No required additional search fees were timely paid by the applicant Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



1-4, 5 (partly), 6 (partly), 7, 8, 9 (partly), 10 (partly) 



Remark on Protest 





No protest accompanied the payment of additional search fees. 



Form PCT/1SA/21 0 (continuation of first sheet (2)) (January 2004) 



International Application No. PCT/EP2006 /069794 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-4, 5 (partly), 6 (partly), 7, 8, 9 (partly), and 10 

(partly) 

the process for the preparation of a carbazole (derivative) 
which comprises the use of a bi -cyclic intermediate compound 
according to the present independent claim 1 (which includes 
the bi -cyclic intermediate compounds of the present claims 3 
and 7); 



2. claim: 5 (partly) 

the process for the preparation of a carbazole (derivative) 
which comprises the use of a bi-cyclic intermediate compound 
other than the bi-cyclic intermediate of the present claim 
1, and wherein the said bi-cyclic intermediate compound is 
obtained by the method of the present independent claim 5; 



3. claim: 6 (partly) 

the process for the preparation of a carbazole (derivative) 
which comprises the use of a bi-cyclic intermediate compound 
other than the bi-cyclic intermediate of the present claim 
1, and wherein the said bi-cyclic intermediate compound is 
obtained by the method of the present independent claim 6; 



4. claim: 9 (partly) and 10 (partly) 

the process for the preparation of a carbazole (derivative) 
which comprises the use of a bi-cyclic intermediate compound 
other than the bi-cyclic intermediate of the present claim 
1, and wherein the said bi-cyclic intermediate compound is 
obtained by the method of the present independent claim 9; 



